The sequence of the zeroth Landau levels (LLs) between filling factors ν=-6 to 6 in ABA-stacked trilayer graphene (TLG) is unknown because it depends sensitively on the non-uniform charge distribution on the three layers of ABA-stacked TLG.
After extensive studies on graphene 1,2 and bilayer graphene [3] [4] [5] [6] , TLG has emerged as a new platform to study interactions between Dirac electrons in a controlled manner.
The two variants, namely Bernal (ABA) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and rhombohedral (ABC) [19] [20] [21] [22] [23] [24] [25] [26] stackings have been studied for their tunable symmetries. ABA-stacked TLG has a rich low energy bandstructure consisting of a monolayer graphene (MLG)-like linear and a bilayer graphene (BLG)-like quadratic bands 27, 28 . Further, the mirror symmetry in ABA-stacked TLG, inhibits any coupling between the linear and quadratic bands 27, 29 . In the presence of a transverse electric field (E ⊥ ), however, the mirror symmetry is broken, resulting in the mixing of wavefunctions from two subbands, and thus providing a tunable knob to probe the interesting physics resulting from the mixing of wavefunctions from the linear and quadratic bands 27, 28 .
Trigonal warping, despite being small in magnitude, has important effects on the low energy physics of few-layer graphene [30] [31] [32] . It stretches the Fermi circle along three directions in the Brillouin zone enforcing discrete three-fold rotational symmetry on the Fermi surface 31 . The consequence of trigonal warping in bilayer graphene and in ABC-stacked TLG is the appearance of Lifshitz transition at low energy and the associated three-fold degenerate LLs which shows up as multiple of 3 in filling factors 31, 32 . In ABA-stacked TLG, however, the effect of trigonal warping is more interesting as it introduces additional selection rules for the coupling between some LLs. The LLs cross each other, as a function of magnetic field (B ), E ⊥ and filling factor. In presence of the electric field, coupling due to trigonal warping converts some of the level crossings into anticrossings 27, 33 when the LL indices differ by 3. We use these LL crossings to determine the key band parameters.
An important aspect of the few-layer graphene physics, especially the electronic interaction, depends on quantitatively understanding the charge and electric field distribution.
We exploit the extreme sensitivity of the LL crossing patterns to the non-uniformity in the E ⊥ between the three layers of ABA-stacked TLG to present the first quantitative determination of these non-uniformities; this allows us to unequivocally infer the spin and valley resolved LL ordering. For the case of ABA-stacked TLG we find that the density (n) of electrons in the outer two layers is higher than the middle layer. the bottom layer is 2∆ 1 . Theoretically, an average E ⊥ inside the TLG can be defined
where d=0.67 nm is the separation of top and bottom layer of the TLG. If the charge distribution in three layers of ABA-stacked TLG is not same, it gives rise to a difference in the middle layer potential from the average of the top and bottom layers; this difference is defined to be proportional to a parameter ∆ 2 . Non-zero ∆ 2 also generates a non-uniform electric field perpendicular to the layers. In ABA-stacked TLG low energy electronic states are centered on A 1 -A 3 , B 1 -B 3 atomic sites (for MLG-like bands) and on A 1 +A 3 , B 2 atomic sites (for BLG-like bands) 27 . So, electrons primarily prefer to lie on the outer layer atoms to decrease the Coulomb energy by maximizing their spatial separation.
This can lead to a positive potential (hence a positive ∆ 2 ) in the middle layer. Fig. 1d shows an optical image of the dual-gated hexagonal boron nitride sandwiched ABA-stacked TLG device. The fabrication process is similar to the earlier published methods [35] [36] [37] . the mobility of our device is very high (∼800,000 cm In order to understand our experiments, we calculate LL spectrum of the system using the tight binding model (for details of the calculation see Supplemental Material IX 34 ). whereas LLs from BLG-like bands disperse as ∼B.
We study the E ⊥ dependence of longitudinal conductance (G xx ) for different values of magnetic field and encounter LL crossings or anticrossings depending on the symmetries of the underlying LLs. Fig. 3a and Fig. 3b show G xx plots as a function of E ⊥ and density at 0.5 T and 1.5 T respectively. At such low B, LLs are not fully resolved and hence locus of the LL crossing points form curves in n-E ⊥ space. On the electron side at 0.5 T, Fig. 3a shows two thick curves (labelled 0 with increasing E ⊥ . On the hole side we see four thick curves dispersing with E ⊥ . At a larger B of 1.5 T (Fig. 3b) , we resolve the LLs more clearly and see two thick curves on the hole side. The first curve from the right labelled 0 − B shows an interesting splitting pattern at E ⊥ ∼65 mVnm −1 between ν=-22 and -26 marked by a dashed rectangle.
We determine the band parameters by matching the experimental LL crossings with theory at 1.5 T. We find γ 0 =3.1 eV, γ 1 =390 meV, γ 2 =-20 meV, γ 3 =315 meV, γ 4 =120 meV, γ 5 =18 meV, δ=20 meV best describe our data. Determination of ∆ 2 requires input from high B data and is discussed later (Details of fitting are described in Supplemental Material X 34 ). Fig. 3c and Fig. 3d are the numerically calculated LL spectrum as a function of E ⊥ at 1.5 T and the corresponding density of states at Fermi energy (DOS(E F )) which matches well with our experimental data.
Now, using the experimental data as shown in Fig. 3a on the electron side we can estimate the band gap between the MLG-like bands. We note that the 0 Analyzing the LL crossing patterns at 8 T and 14 T we can uniquely determine the ordering of spin and valley resolved LLs. Hence, we can label the LLs responsible for the observed crossings which was not possible in the previous studies 12, 33 . Fig. 4b and Fig. 4d show the calculated LL spectra on the hole side at 8 T and 14 T respectively. We note ≈ 50-80) is consistent with high mobility two-dimensional electron systems S1 .
Large τ t /τ q indicates that small angle long range Coulomb scattering is the dominant scattering mechanism in our device S1,S2,S4 . We study the evolution of LLs with electric field for some values of magnetic field. respectively. Fig. S5 shows a line plot of G xx at 1.5 T along zero electric field direction. (Fig. S7) . Second, Fig. S6c shows a faint anticrossing on hole side which can be compared to the calculated DOS(E F ) in Fig. S6d. Fig. S8 shows the corresponding anticrossings in calculated LL energy diagram. The dashed circles mark the maximally gapped anticrossings which are observed in our experiment. We infer from theory (Fig. S8) that the anticrossing at An independent verification of the calculated LL spectra using our band parameters can be seen from the fragility of the ν=0 state in presence of a small E ⊥ . Fig. S10a shows that ν=0 is best resolved at zero E ⊥ and disappears fast with increasing E ⊥ . Fig. S10b shows a well-developed minima in G xx at zero n and its disappearance with increasing E ⊥ . shrinking the ν=0 gap which explains the disappearance of ν=0 with increasing E ⊥ . This is consistent with the electric field dependence of G xx .
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IV. LL EVOLUTION WITH ELECTRIC
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VI. COMPARISON OF BAND GAP BETWEEN MLG-LIKE BANDS FROM LITERATURE
Here we show a comparison table (Table I) . Our experiment suggests that the band gap is much smaller than it was assumed in most previous studies. We find the band gap to be E g ∼1 meV (see Fig. S12 for the comparison between theoretical and experimental data) whereas previous studies assumed a large distribution of values. Our work provides a direct way to estimate this band gap by simply keeping track of the LLs originated from the band edges. 
VALUE
Here we show a comparison table (Table II) for the value of ∆ 2 used in literature.
We emphasize that ∆ 2 plays a very important role and can not be neglected in the following two cases. First, for small filling factors where the order of LLs depends very sensitively on the exact value of ∆ 2 . This is shown to be crucial to explain the LL crossing pattern in the main text. Second, the assumption of uniform electric field breaks down dramatically in a regime when ∆ 1 value is comparable to ∆ 2 . For example, the data presented in the main text ( Fig.4a and Fig.4c) shows that all low filling factor crossings occur for ∆ 1 ≤10 meV. In this regime, even for the maximum ∆ 1 =10 meV we
show that the perpendicular electric field is very non-uniform. From the potential energy distribution in the three layers of ABA-stacked TLG shown in main text (Fig.1c) , the electric field between the top and middle layers is E
where ∆ 2 =4.3 meV and d=0.67 nm. In contrast the electric field between the middle and bottom layers is E
=-8.6 mVnm −1 . We note that not only the values of electric fields are extremely different, their directions are also opposite. This regime can not be described in terms of an average electric field
This shows the importance of the ∆ 2 and our work shows a systematic way to determine this important parameter. Though all the LL crossing physics we have discussed so far can be understood using single particle picture, at high B electronic interaction becomes important S10,S11 which is evident in some partially developed fractional quantum Hall (FQH) states S12,S13 . We report two partially developed FQH phases in our experiment at much lower B compared to the previous study S6 where B up to 45 T was used. Fig. S11a shows the appearance of two additional minima in G xx at ν=-25/3 and -28/3. The two minima become discernible with increasing B from 11 T. According to the calculated LL diagram (Fig.2 in main text), ν=-6 corresponds to completely filled 0 B and 1 B LLs on the hole side. So, from filling factor consideration, it is clear that these FQH states develop from -2 B BLG-like LL. Observation of these E ⊥ tunable FQH states S14 at low B opens up a new avenue to study recently predicted S15 non-Abelian parton states in multilayer graphene.
IX. DETAILS OF THE THEORETICAL CALCULATION
We calculate the Landau level spectra of ABA-stacked trilayer graphene using a tight binding model. The LLs are broadened by a phenomenological parameter to obtain a Lorentzian DOS peaked around the LL energy. We then calculate electron/hole density integrating this DOS up to the chemical potential (E F ). We plot the DOS at the Fermi level as a function of density and electric field. The DOS at the Fermi level shows all the features observed in the behaviour of longitudinal conductance (G xx ) in the experiment.
We vary the tight binding parameters and for each set of parameters, we read off the E ⊥ where the levels cross. These values are matched with experimental data to constrain the tight binding parameters.
In presence of electric field, the reflection symmetry between the top and bottom layer is broken in a trilayer graphene and therefore the monolayer-like and bilayer-like bands of trilayer graphene get hybridized. In the rotated basis
the trilayer graphene Hamiltonian can be written as
where ∆ 1 = −e.
and ∆ 2 = −e.
, with the potential of the layer i is given aγ i , where a is the lattice constant. π is defined in different valleys as π = ζk x + ik y with ζ = ±1 for K + and K − valley respectively. The S15 action of π and π † on harmonic oscillator states in different valleys are given by
where, magnetic length l B = /eB. can be block diagonalized in 6 × 6 sectors (one for each n) if we choose m = n + 1 as following.
Similarly, in K − valley H MLG can be diagonalized in an eigenbasis |n , |n − 1 and H BLG can be diagonalized in an eigenbasis |m , |m − 2 , |m − 1 , |m − 1 (in absence of γ 3 ), where n and m both run from 0 to ∞. In presence of ∆ 1 , n-th monolayer-like Landau level gets coupled with m-th bilayer-like Landau level (where both n and m runs from 0 to ∞). In K − valley H TLG can be block diagonalized in 6 × 6 sectors if we choose m = n as following.
In presence of γ 3 , the rotational symmetry gets broken down to C 3 and hence states with quantum numbers differing by 3 couple to each other. This, in principle makes the diagonalization problem infinite dimensional. However we put a cut off on the matrix size and diagonalize large but finite matrices to obtain the spectra. We find that N max ∼ 100 is sufficient to obtain the dispersion of low lying Landau levels to our desired accuracy.
The Landau levels of trilayer graphene Hamiltonian get broadened in presence of scattering and the density of states of each Landau level (with energy E) can be approximated by a Lorentzian
where the effect of disorder has been incorporated in Γ, which is related to the relaxation time (τ ) of scattering as Γ ∼ (1/τ ) 1/2 S17 .
We calculate the density of states at Fermi energy (DOS(E F )) as a function of total density n (integrating DOS(E) up to Fermi energy E F ) and ∆ 1 to match the experimental data. We have found good theoretical match with the experimental data with a choice of Γ=1.2 meV on the electron-side and Γ=0.85 meV on the hole-side of the dispersion. The choice of different Γ is supported by the fact that mobility on the hole-side is more than on the electron-side. S17
X. DETAILS OF THE FITTING TO DETERMINE BAND PARAMETERS
The detailed band structure of ABA-stacked TLG has 9 parameters (hopping amplitude and potentials) which affect the Landau level spectrum. The details of the meaning of these parameters are given in the main text. There are 3 hopping amplitudes, γ 0 =3.1 eV, γ 1 =0.39 eV, γ 3 =315 meV, which are larger than other parameters and are widely and consistently reported in the literature. While fitting band parameters we take these values as given. The potential difference between the first and the third layer, ∆ 1 is related to the electric field, which is measured in the experiments. This leaves the following parameters to be determined: γ 2 , γ 4 , γ 5 , δ and ∆ 2 . Constraining large band parameters using experimental low LL index crossings are not effective which is evident in the large range of γ 4 (40-140 meV) in the previous study S5 . Here we use previously reported value of γ 4 =120 meV and do not try to constrain it using our data.
In our low magnetic field (1.5 T) data the LLs are not fully developed and their crossings form an almost continuous curve in the electric field-density plane. While this gives a large number of crossings to fit, the LL spectrum is insensitive to the large parameters in this limit and the crossing pattern is sensitive to γ 2 , γ 5 , δ while being less sensitive to ∆ 2 . We will later use high field data at 8 and 14 T to constrain ∆ 2 tightly.
A. Determination of γ 2 , γ 5 and δ
We use all the 12 LL crossing points (due to 0 − B and -1 M LLs) visible in Fig.3b main text (at 1.5 T) to determine the band parameters γ 2 , γ 5 and δ. We start with the bulk graphite values γ 2 =-20 meV, γ 5 =38 meV, δ=8 meV and vary each of the band parameters around them till we minimize the fitting error in electric field at the correct filling factors. We define the fitting error = are the experimental and theoretical electric fields at the i'th LL crossing point respectively. The minimum fitting error in ∆ 1 at 1.5 T using the quoted band parameters in the main text is ∼0.8 meV. The filling factor range in this fitting is -62 to -14. Fitting this data keeping ∆ 2 as a parameter gives us a range 3-5.5 meV. Since ∆ 2 is small compared to the energy of the LLs in this high filling factor regime, it is not possible to further constrain it with better accuracy. So, we determine the final value of ∆ 2 from the crossings within zeroth LLs at high magnetic fields described below.
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Additionally, we find the valley gap of 0 M Landau level is E g =δ+
∼1 meV as discussed in Supplemental Material VI . This comes from comparing the experimental data with the calculated DOS (Fig. S12) . From our experiment, we see that the valley splitting of the 0 M LL cannot be resolved at zero electric field meaning the valley splitting to be ∼1 meV for a disorder of ∼1 meV (calculated from Dingle plot). Calculated DOS shows that if the valley gap is more than 1 meV, it reflects immediately in the density axis and becomes resolvable. We show the calculated DOS (Fig. S12 ) for a few other valley gaps clearly showing that the valley gap has to be ∼1 meV. This additional experimental constraint allows us to estimate γ 2 , γ 5 and δ more accurately.
B. Determination of ∆ 2
The exact value of ∆ 2 becomes important in the zeroth LLs because the magnitude of ∆ 2 is comparable to the separation between this manifold. This is clear from the approximated analytic energy of these LLs at zero electric field limit: 
Here ξ is a dimensionless parameter given by ξ=
=4.35×10 −3 B. We clearly see that the energy of these LLs depend directly on δ, γ 2 , γ 5 and ∆ 2 . So, the LL crossings within zeroth LLs provide a precise cross check on the band parameters determined above.
We note that the valley gap of both 0 B and 1 B LLs (at small electric and magnetic field) is ∼ |γ 2 | 2 −3∆ 2 which is very sensitive on ∆ 2 as it comes with a factor of 3. So, the valley gap can be negative or positive depending on the value of ∆ 2 ; this determines the sequence of the LLs and hence has a bearing on the LL crossing pattern. Fig. S13 and Fig. S14 
